so, against double-stranded DNA viruses including human adenovirus and rodent polyomavirus in vitro. 9,10 Vidarabine has been reported to be effective for hemorrhagic cystitis We describe a method of diagnosing virus-associated cystitis after allogeneic bone marrow transplantation caused by adenovirus and polyomavirus in a few cases after BMT. 11, 12 However, clinical efficacy of this agent still (BMT) and treatment with vidarabine therapy. At 7-10 days post-BMT when cystitis was suspected, we remains unclear for hemorrhagic cystitis and related conditions caused by adenovirus or polyomavirus after BMT. observed urinary sediments by the Papanicolaou stain to detect virus inclusion bodies. When positive, we
(6 mg/kg p.o. from day Ϫ1) and methotrexate (10 mg i.v. Adenovirus and polyomavirus are double-stranded DNA on days 1 and 3) were used for GVHD prophylaxis in all viruses, the diameters of which are about 80 and 42 nm, six patients. respectively. 8 We have reported the use of transmission electron microscopy (TEM) on urinary sediments for differDiagnosis ential diagnosis of hemorrhagic cystitis caused by these viruses as opposed to other causes. 30 F CML-CP U MCNU ϩ SI ϩ CY ϩ TBI R = HLA matched sibling donor; MCNU = ranimustine; CY = cyclophosphamide; U = HLA matched unrelated donor; SI = splenic irradiation; TBI = total body irradiation.
ing the diameter of particles, as we reported previously. 8 teria and fungus were negative or when they were positive, and antibiotics and antifungal agents did not improve the Urine samples were centrifuged at 1800 r.p.m. for 5 min, and supernatants discarded. Buffy coats layered onto red symptoms even after bacteria and fungus had cleared. 'Viruria' was diagnosed when no urinary symptoms nor blood cells were fixed in Saccommano solution, smeared on the slide, and stained by the Papanicolaou method. 13 For hematuria occurred but viral particles were detected in urinary sediments. TEM, buffy coats were resuspended in 2% glutaraldehyde at pH 7.4 and fixed for 45 min at 4°C. They were postfixed in 1% osmium tetroxide, dehydrated in ethanol and embedTreatment ded in epon. Sections were cut with a glass knife on a LKB microtome (LKB, Bromma, Sweden) and stained with uraPatients with urinary symptoms were treated with forced nyl acetate and lead nitrate. A minimum of 100 cells per alkaline diuresis. Analgesics and antibiotics were used as sample selected at random from two epon blocks was necessary. In cases with macroscopic hematuria we perforexamined. Photographs were taken by Jeol electron micromed continuous bladder irrigation with prostaglandin E1 scope (Jeol-100CX; Jeol, Tokyo, Japan). 8 bladder instillation, 15 in addition to forced alkaline diuresis. The diameters of adenovirus and polyomavirus particles All six cases were given vidarabine at a dose of 10 mg/kg are 80 and 42 nm, respectively. When adenovirus infection per day for 5 days as a 2-3-h intravenous infusion, as one was suspected from TEM examination, we performed viral course. Another course was given when necessary. culture to confirm the diagnosis. Polyomavirus is difficult to isolate by the conventional culture method. We previously reported a case of hemorrhagic cystitis after Results alloBMT in which TEM examination of urinary sediments revealed many viral particles of 42 nm diameter, and urine Diagnosis culture with human embryonal kidney (HEK) cells proThe diagnosis and clinical features of each case are summaduced polyomavirus BK. Immunocytochemistry of urinary rized in Table 2 . Adenovirus was detected in three cases sediments using a polyclonal antibody against simian virus (cases 1-3) and polyomavirus in the remaining three (cases 40 (SV40) virion raised in rabbits was found to react 4-6). In the former three cases, viral cultures of the urine mainly with the major coat protein (VP1) of SV40 and was also produced adenovirus. Cases 1 and 2 were diagnosed confirmed to crossreact with both human polyomaviruses to have hemorrhagic cystitis, cases 3 and 4 cystitis, and BK and JC by immunofluorescence which detected many cases 5 and 6 viruria. Urine cultures for bacteria and fungus VP1-positive cells with staining in the nuclei.
14 In this were negative in all cases except case 2. In case 2, cultures study we considered viral particles of 42 nm diameter as of urine produced E. coli and urinalysis showed an increase polyomaviruses without viral culture and immunocytochof leukocytes, indicating the co-incident presence of bacemistry because HEK cells and the antibody against SV40 terial cystitis. As severe hematuria with blood clot formavirion were not routinely available.
8 Figure 1 shows tion continued even after the administration of antibiotics, electron micrographs of these viral particles in urinary a diagnosis of virus-associated hemorrhagic cystitis was sediments.
made.
Definition
Treatment with vidarabine In this report, virus-associated hemorrhagic cystitis and related conditions are defined as follows. 'Virus-associated Case 1 (Figure 2 ): Micturition pain and macroscopic hematuria developed on days 26 and 28 after BMT, respecthemorrhagic cystitis' was diagnosed when viral particles were detected in urinary sediments and macroscopic hematively. The diagnosis of adenovirus-associated hemorrhagic cystitis was made after TEM examination of urinary sediuria with urinary symptoms were present. 'Virus-associated cystitis' was diagnosed when viral particles were detected ments. Continuous bladder irrigation and urine alkalinization, and bladder instillation of prostaglandin E1 at a dose in urinary sediments and urinary symptoms developed, but no macroscopic hematuria occurred. The diagnosis of these of 500 g per day for 7 days were instigated but the symptoms did not resolve. On day 34 vidarabine therapy was two conditions was made only when urine cultures for bac- started. On the next day the pain improved. Virus inclusion per day for 5 days was undertaken. On day 268, fever improved but the pain and macroscopic hematuria bodies in urinary sediments and macroscopic hematuria disappeared on day 39. Microscopic hematuria disappeared on continued for about 20 days after the start of vidarabine. Microscopic hematuria ceased 10 days later. day 41.
Case 2 (Figure 3 ): About 250 days after BMT urinary freCase 3: On day 55 after BMT dysuria occurred and on day 56 vidarabine therapy, intravenous hydration and alkalinizquency occurred and urinary sediments revealed virus inclusion bodies in the nuclei. Oral hydration and alkalinization were started. On day 59 dysuria improved and on day 63 virus inclusion bodies disappeared. TEM examination of ation were begun. On day 261 high-grade fever and micturition pain occurred. On day 262, gross hematuria with urinary sediments revealed adenovirus-associated cystitis. blood clots developed. TEM examination revealed adenovirus in urinary sediments. On day 263 vidarabine, antiCase 4: On day 59 after BMT high-grade fever developed and continued even after administration of antibiotics. On biotics, continuous bladder irrigation and alkalinization were started. On day 265, virus inclusion bodies in urinary day 69, micturition pain and microscopic hematuria developed. TEM examination allowed the diagnosis of sediments disappeared but the symptoms did not improve. Bladder instillation of prostaglandin E1 at a dose of 500 g polyomavirus-associated cystitis. On the same day vidarab- ine was started. On day 74 virus inclusion bodies in urinary nausea and general fatigue developed in case 6. Other adverse effects including myelosuppression did not occur. sediments disappeared and fever improved. Ten days after the start of vidarabine, pain and microscopic hematuria disappeared. On day 82, the viruria recurred and vidarabine was re-administered, and the virus inclusion bodies Discussion disappeared on day 87.
To make a diagnosis of virus-associated hemorrhagic cystitis and related conditions, we use Papanicolaou stain and Case 5 and 6: Polyomavirus viruria developed on days 42 and 64 after BMT, vidarabine was started on days 49 and TEM on urinary sediments taking 1 day for the Papanicolaou stain and about 4 days for the TEM. Virus isolation 82, and the virus inclusion bodies in urinary sediments disappeared on days 52 and 84, respectively. in cell cultures takes more time, and it is difficult to isolate polyomavirus by the conventional culture method. 8 Our Regarding the adverse effects of vidarabine therapy, mild methods are useful for early diagnosis of viruria. Enzymeof vidarabine, but in case 2 severe symptoms, namely gross linked immunosorbent assay (ELISA), DNA hybridization hematuria accompanied by blood clot formation, severe and PCR methods are also used to identify virus in the pain that needed morphine, and high-grade fever, did not urine after BMT. [5] [6] [7] These methods are quicker and cheaper improve immediately and hematuria continued for about 30 than TEM. Therefore, the combination of these techniques days after the start of vidarabine. In this case the start of with routine urinalysis by Papanicolaou stain may be an vidarabine therapy was thought to be too late. In two cases alternative to our method using TEM.
diagnosed to have cystitis (cases 3 and 4) symptoms disapIn this study of 16 cases after BMT three cases (19%) peared 3 and 10 days after the start of vidarabine, respectdeveloped cystitis or hemorrhagic cystitis associated with ively and hemorrhagic cystitis did not develop. It was adenovirus, a rate which is higher compared with studies uncertain whether or not vidarabine was effective in these in the USA. Shields et al 1 recovered 22 adenovirus isolates two cases, because viral cystitis improves spontaneously from urine of 1051 BMT recipients, and eight of these sufin some cases. Miyamura et al 3 revealed that adenovirusfered from hemorrhagic cystitis. Ambinder et al 2 cultured associated hemorrhagic cystitis tends to be of long duration, adenovirus type 11 in the urine from five of 502 BMT with a median of 42 days. Vidarabine may therefore have recipients, and four of these five were associated with shortened the clinical course of case 3 (adenovirus-associahemorrhagic cystitis. Otherwise, Miyamura et al 3 reported ted cystitis). In the two cases diagnosed to have polyomavithat 12 of 50 Japanese BMT recipients developed ruria (cases 5 and 6) with no symptoms, cystitis did not hemorrhagic cystitis and eight of these 12 recipients develop although in case 6 viruria relapsed. 36-76% of excreted adenovirus type 11 in the urine at the onset of cases of polyomaviruria after BMT improve spontaneously cystitis. In Japan, adenovirus may be excreted in the urine without hemorrhagic cystitis. 5 Therefore the significance of more often than in USA.
vidarabine therapy for polyomaviruria without symptoms, Within a few days (2-7 days) after the start of including cases 5 and 6 in this study, is uncertain. vidarabine, virus inclusion bodies in urinary sediments This study suggests that vidarabine reduces excretion of disappeared in all six cases in this study. Vidarabine adenovirus and polyomavirus in the urine after BMT and reduces excretion of these two viruses in the urine.
improves clinical symptoms in a proportion of cases of cysClinical improvement of each case with vidarabine thertitis and hemorrhagic cystitis. Also, this agent may prevent apy was as follows. Of two cases of adenovirus-associated progression from viruria into hemorrhagic cystitis, but hemorrhagic cystitis (case 1 and 2) vidarabine was effective observation of many more cases is required. in one case (case 1), and not in the other (case 2). In case 1, hematuria disappeared immediately after administration
